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CREATION AND PROPERTIES OF FERROMAGNETIC
STRUCTURES WITH A CHIRAL MAGNETIZATION
DISTRIBUTION

Fraerman A.A.

Dr.Sci., Principial research associate, Head of Magnetic nanostructures department,
Institute for Physics of Microstructures RAS
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9 OchISdSOn M SOz Grds wOhtfiejHiEjRdid GOBOchuinaEshisd Wodwikhw  slsChstkidkdd
B0ctdstiset BisBjeis0 1z jSketkz0 tls GoYte0otjidy tstoz dgiset tiskw. Jjzdudh0 d ¢oYi0ed jdd
Astses slsChshzjhdy stfiejHjzveskhv Sttt d Gotietotjhdid HodMJdkdw dshdlsjEv LOLWHO o
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wozjd?, OCdm COC teOodmo k2 MYdikser?2 IS, &OchkdktAtjCtedyjnSd?2 AWW Sk [1] |,
Az jChteduinsd  HJbiShkdto0kdj — Wttesochkdsytes o jLsdk0dkn0, [2], stsdyihCdj
A jChtesHsE1GY | jtejasHT giXHE hYdhserdd fsHLsGORd [3], eOwhstlstrj Wod jdadw
G joLOdBhshisd o GiSERYEOROLGT R kochdshra HdisjBon [4] d H., Sskserj SBiZHOESNY o
HECEZOH] T JHdErn foLdyd?.  stelze gochkdser= &0k jedotse ) Cddzidrds teOmtfte jHjkjddid
GOBOCt jGishsd  HENSOssyGs  PdesS d oSzsyojls SOS fedesHiTj GOt s8I ST
(HeBjkhkrj fisjuSd, &ochkdsetrj hfdiedtd d hSdeddstr), S0 d dhSkhhlke jdkds hisLHOGG Y |
W tstetscg0ctzdlsdz ™ j s j&z*, SOSdJ, &0tfteddzjts, COS GOGsyORsdy™ f) adrtjor a3 dizd Odlsdodrtejords
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feOodizts, Mtfdd-tsteBdsOtGisj oLOdhiH 2Msodj, Cbstetsj o M jdk0n BJL yjdisted ddso jtshe(d
tedosHdls € Mizh jhisosa0ddt GOckdskses oL0ddsH 2Msodw Lwvesh dunStes - ftedd. JHEOSS,
Asts g JHdWhsodhh 2 d3jr0hdLds ZztfteOonjidy BOchsks? Cdeorpehisis. fjkdd dredhsis
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otLdBEH G J tsjOkdLOydd S0t drm Gochkdlstr - hdhlsjd BjL oLOddsHj2fsedW rLvisH ddhSeets -
IBedd. 1060 o ishd jd0 ted fsHH S T, 6teddls — 22-12-00271.
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MAGNETOELECTRIC DEVISES OF ELECTRONICS
AND INFORMATICS BASED ON MULTIFERROIC
HETEROSTRUCTURES

Fetisov Y.K.
Dr. Sc. (Phys.-Math.), professor, MIREA T Russian Technological University

Annotation. The report describes principles of operation, design and main characteristics of
controlled devices of electronics and informatics, using magnetoelectric effects in composite
multiferroid heterostructures comprising mechanically coupled ferromagnetic and piezoelectric
layers.

Keywords: magnetoelectric effect, piezoelectricity, magnetostriction, tuned electronic devices.

a5 jieh jumsoso0kdj Ehstes2nse Az jShskdSd o JewstdosdSd o &oOnksswhjj otejdgw
HesdhnsHdls o shdseksdy LO fyjls dhfsziLse0kdy dgisorn WdLduihSdr AWW jSkse did disera
GO jtedodzse.  IjehfjCdokzrdsd M A2 bsySd  Lejddw  werwsskiw SO GOLYe0jdrj
BOctkdlssdz jSisteduinCdy (JE) WWJSkT o dslzdzlsoW jtetesdHdzrm 30l jed0kz0n, tetwadweshdjhw of
oLOddstsds tfisjsBteOLBo0hdd tfjtejd3 et = Az jSteduihSdn d dkockdlsera tiszj?. A SshtisLdse -
GJls JteshistelzChstzte0n, MisHiEOPdn W jtstest0stdst j o 4 jLsikjStedyinSdj fasd, T AWW ST
oBLBACOEEs o 6 jLizks0k j SdsBdBOydd kOckdkshisEdSydd WikbsBoctdlshEes fEsw, 4 jLsWW S0
o 4 jLisAz jShstecfy S fiizsj o 0SSy inCes tjLskonGn0 fsklzChizisr. T WW Sl fizP jikolzls o
fistolzCliztsdn  OLEuRY R fshisOote, GOBEEHOBSKIW tfied CtBGOGS2 b jdtitoskej o dn
0w0Sk jiedlsdSohd ¢jeSt Ztdotvss f) fdshats fishscwhhgrn Goctdstrn o zjSkeduincdn
tfstzj2. J tojuizazls0lsj tistsoH b m LO tishd jHdc[j GsHT ik jHEo0h%02 fSLHOG yjzr2 EWH Gsorn
Ehstes2hse, diifstiLz=Pdn 6 AWWiCky o 6jlsjeshistzChie0n, fisjHd SEstrn Eifis0otv jBrj
diHzCser  d  eonhwskdokste”  Gotewyjady, GJedei24rd YejtsiOLse0isjed  yomksist,
orisSsyzonsodlsjiGrj HObydSH ®&ochkdstrn i, At jSksduinSd tjtinst0dedjkrj wldy
Zfstes2Miso0, tsov j J& A jds st godswisd, Oolssdsdh T j GoEshsM a4 dhlssudzdSd tdisoddw d k.H.
1 HBCHOHj wONMBEE G tedbydtr ©0sskr _JT  Ehstshse, thedojHjGT dn Shisekrj
R00Cks jsdhisdSof of oBLBE G j tsBtOnisd tedds jdjdd? [1].
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OPTOMAGNONIC EFFECTS IN MAGNETIC DIELECTRIC
CRYSTALS AND NANOSTRUCTURES

Belotelov V.1.

Dr.Sc., professor RAS,
head of laboratory at Russian Quantum Center, associate professor of Lomonosov Moscow State
University

Annotation. When laser radiation propagates through magnetically ordered dielectrics, the opto-
magnon effects arise, which make it possible to excite spin dynamics in them. The character of the
effect of light on the spins substantially depends on the distribution of the optical field in a magnetic
medium. This paper considers the features of the optomagnonic effects in optically anisotropic
magnetic crystals, as well as in various subwavelength gratings fabricated in magnetic films.

Keywords: inverse Faraday effect, inverse Cotton-Mouton effect, orthoferrite, ferrite-garnet, iron
borate, nanophotonics

d  Gomsswhjj  eteigw  BSZANER  dEkjeih  tejHhsOedweslk  HO Sty inSdd
Odals oW Jtstes306dzdlscfSd o Miz0BY J Witstesz06tzlsCd, o Sl m Mfdisodw HABORACO HiesdhnsHdlS
%0 MizBlsJte0cteysora yonktisOn, st syik! tjhtjSkdods HEW MsLHOGIY dGseset Ytk iddw
Zhstes2hise jtejHOYd d tBeOBBSH quWistRoydd. I hewed f) Usdl, SeEyjos? LOHOY2 WedW jishw
0otz jkdw Mitfdkokd o s0Sdn B30k je0iz0r.

ed wOnteshst0kjedd stlkdyinttes duzkzyjedy yjtjr  GOchkdsszysteWHEY GE Y j
HAEZ jSstedfSd obLEdCOEls HflstBOchEheG Y j AWW ST, K0S SOS tBisOkkI2 AWW Sl AOLOHIW d
Bl 2 AWW jCls sStbslstsh0-_Jlbstk0, Sobtterj tisLotkvesls osLBEzYHOLY fifdhsezs HROBISEZ o
Rochdlsizr = CtedilsOtziz0n. JBO AWWjSk0 ROt0Sk jtodLiztslsiw AWW jSlsdfotz™ 5 dgOctkdlst s tfisiz jds,
ojdud®0 d &OtteOetz jhdj Cwlsttesets stfiejHjdVeslkihw oSttt Az jSktedyjfSses tistw fojs0 o
ROl jtedOkzj. aswdEhises OwsdW jetes0ctkjsdSte  stfisduinSd OkdLslktesykr. s0S  tkoodis,
stflsdyinSov OddLsktesydv tOhnkoktedod sty COC & jcOldodr2 WoSkst, Swlsster?2  kdsjdh0 jis
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GOcGAEEYSquinSd] WWiSkr d Ehisyavjs Sousdhlz wonteiHjtitdy SsquiiSses st o
ClocfilsOdzj. A teOBlsj YsCOLOhE, Usts tied HeOodidGisds ovetej stdjdisOydd tistVedLOydd
JoHOE=P jois dLizkzy jddv slstkshdisit1ds gishSshisd JoHjddw ho s byt tskzydls! Laoydsjz b
Ehdizjdd] AWWiSk0 AOOHW d d0chdlststflsduinSs? disHzewydd fejko, ftsnsHYh jes yjte jL
CtodlsOk MEOBEEs W itstesdi06h oS0, GOtediit, BBEOSO Mk jL0. [odus] Wokjkd) Gl BY s
ditfsziLso0ns HEW GOBEEHIGAY LO fshistwidids GOd0ctkdyiddshisd Boctkdsdso, 0 SOSMJ HEW
ittt tedd b, o Hisles? st T, 560LT a0 jsihw, Usts stisquifSow OndLsitstdw fsLH,jis
G jsHEStesHGSj teOmtfts jH jdjddv stflsduinCaes st tts kst ddj StecfhisOddz0. ed AUstsdz Hote0ds jiste™
Astsets te0mtfts jH ik jdd™ B> bE dLdsjdvis tizls jds didsididdv stedjiisoydd fistedLoydd foHOE jets
duizyjddv sihshdisjzds StedhisOzisatedWdy ihSdn shj2 GOctjisdso. 30 fedds ] stelstW jtotedsO
dislstedw tfisCOLOGS, st HOGRY 2 AWW jCls fisLosdw jls AWW Slsdodisets osLBzYHO teOLEduEY § BisHY
htfdtse = otstd: o StecfilsOdztzj of tfjte jShtsyOlsA W ds j>HE teOLzyd ™ d3d dsHOMG.

I stfshdls iz e osLdtXdshisd ztte0otikdy hdaodd L0 fydls hodkd BisCera0esishv tisd
fitejnbH) €  GOGBhstelzChlztedteto0khds GOk jted0k0d. A HOGHS? t60BBlk] BiStHEER  dhkibs?
kdseeOWdd o IstkSs? HiyhSj WjttdsO-cteOkok0 toiizyjt Gtor?2 kRdCOE &Y  d0k jtdod
GOGsWisskdSd:  tisddshisis HOCtedy fiCow  Wiskstshds-CtedfisOdddyjnSow  ds0eddlsdzow
(5 jlsOtfso jtershis. I OS2 fistelzChlztsj SBEOME i Biso ™2 AWWCls - disHizdydw dftals jizhdforshisg
o o tftod dLdzididkdd GOd0ctduyjkhshisd &0k jed0io [1]. Cltsls AWW jCls skdshsts sishizishsolz jis o
COHCAR dOcddlst™ = Yz jkCon d StedisOkkon. A jets shidsej k> dls fis>bGow Sotlsdh0 osLBEMHjdIW
stflsqudfSdn dsH dls0tfse jendshisd - Hokd jtdsets GOfhde0 GoGsydidhHtste W itstedis0-ct0dk00 - d
odvkdy &0 dn HAhithdskari d Ye@vedLoydsherj ~0L0CsjtedhsdSd @Od0ckdyiddkshisd
BOLJted0k0. A tojLzdlsOsi o  ACoOktted0iiks?  SokwWdektOydd — &Od0chkdyiddshisd
(GOROshdu jhushst o Hashihisd fistkzSkizer d 4ty jdHdCzdwed0 YashSshsd HOH kY hejlso)
fesdhatHdls  diydsaow  ts  G0g0ckdyiddshisd  GsHzEvdW - disjehdedshisd, o 100 0L
tfle joSNREHYPOY GEHZEWAES o0 HEW CHOHCHR iyGsS. OGS yjEss? Gsoses AWWCko
weiw jistiw Ists, ysts 5l &OBEEHOJSHW HEW Holzn Shdsek - skvedLOyd? JoHOBshdR Wiskstse (p d s T
st sLOydd), 0 Bj SsESE HEW SHES, COC o fEkydj CEOHSHR YEvGsS. Gl sBijsEWsjifsos
HJZOjs HOGGTY2 AWWJSk Byil! o0M&rd HEW Efklokjhdy hojssordd tsksCOkd &o
hizBls jts0c jteyso F m yOmistsisOn.

C HtolzeB2 Miststeshz T, MSLHOGHOW GOchdIsEOW 63 jls0tfse jtentbshist fLosiw jis sS0kdLsa0k ho jls
o GBLOMS] UsEWHSO HjiWsCse GOGEHjStete, LOYZNCOW L0 fyujs SHssEOhsGET R AWW jSkso
SBRJEGRT | fissvydj hfdiser | otk LOLEduhr - ftewvHSse [2]. Jiskshdlkjz T AWW iSkdeshisd
otLBEZYHBdY SBHR GG~ o BOckdLshsOsdyintdn hYdhsern otkh d&tells BYis HfisHstes jdr
fh jHhsosl  dLBidjedy fodwedioydd, kez0 HOHjhdw d HEdR™ ostkr eosLBEXYHOEH e
GOL jtettsets ddztfizd2n0. 3 OdshstezCliztedteso0idj Gochdst ~ ftsjH HOjls EadCOE1GY j oL d&Ehisd
HEY  fjkiCsdotsets EtfeOodzjhdy NYdzokd o fejHj, ysts Wodwjkhw Chtsyjerd WOSkstesd
HOEA G2 jots tsOLadisw s jrusizsed? GocksedSd, htfdasesidSd o howodd - f ddid Solusse A
bJrtaEsed?.

egisS di st Lse0GG T dissybdSEe:

1. D.O. Ignatyeva, A.A. Voronov, D. Karki, M.A. Kozhaev, D.M. Krichevsky, A.l. Chernov,
M. Levy, V.I. Belotelov, Photonic-crystal magnetic all-dielectric meta-surface for efficient
light manipulation, Nature Communications 11, 5487 (2020).

2. A.l. Chernov, M.A. Kozhaev, D.O. Ignatyeva, E.N. Beginin, A.V. Sadovnikov, A.A.
Voronov, D. Karki, M. Levy, V.I. Belotelov "All-Dielectric Nanophotonics Enables Tunable
Excitation of the Exchange Spin Waves", Nano Lett. 20(7), 5259-5266 (2020).
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Fo RIS elIsusdoLIZIM JUIPURACTTESRS S
Sl B R ol [o) Blol S0l S i W IE 0] jog WE
IZusII r¢ N RR
_JEBlkbdl R

I.W.-08.0., PesWjiists, J0NEZ>jtk T2 HjWs ji GOESH TA, 0SOHjBAS Th L
100. SlsH 505 WH stz 1 Gy jstsHise o ds0cdlst R fstelzClszts,
RGNStz StedisOkseEowdd dd. d. ). ZZehdCsen
AURA CstedfsodtseeoWd™ d WelsshdCoe T

PaslsOydw. 30 thdsej fistekClsker ¢OGeONdIsO (LazGasSiOys) Mdtls jLdtse0k0 g jtedw
ClodlsOktse fsHje>10Pdn foL0B0ckdIst J dst™ >t jL0 AsMFesX,014 (A = Ba, Sr; M = Sh, Nb,
Ta; X = Si, Ge). RLZyj&" &dLSlsjiYtkolskietrj dockdlstrj hos2hlsed Asdn fsjHdkjed?, d
bhlsOtsotjt HOG G2 3D kOckdISET2 st HES f) ISySE2 it (Th) o sBEOlsd 27-37 S.

St jorj fise0: kOchdlstrj COhCONdIsT, cjtdSsdHOL'GOY flstkSlsked, avisSdj HOot kg,
lsteSlskist T j o BOctdlstr j ik RsHT, ffdase™2 HS-LS Sshjse jts

MAGNETIC PROPERTIES OF NEW MULTIFERROICS OF THE
LANGASITE FAMILY AT AMBIENT AND HIGH PRESSURES

Lyubutin I.S.

Dr.Sc., professor,
The Honored Scientist of Russian Federation,
Full member of the Russian Academy of Natural Sciences,
Head of the Department of nuclear methods and magnetic structures,
Shubnikov Institute of Crystallography, FSRC fiCrystallography and Photonicso RAS

Abstract. Based on the structure of langasite (LasGasSiOi4), a series of crystals containing
paramagnetic iron ions AsMFe3X;014 (A = Ba, Sr; M = Sb, Nb, Ta; X = Si, Ge) was synthesized.
The low-temperature magnetic properties of these compounds have been studied, and a long-range
3D magnetic order has been established with the Neel point in the range of 27-37 K.

Keywords: magnetic langasites, helicoidal structure, high pressures, structural and magnetic
transitions, spin HS-LS crossover

WO ohdsej MtelzCllzter  OkeONdO (LazGasSiO14) Mt iLdese0i0 fitedy  StecfilsOdzizse
nsHjtex 0P = f0t0d306tkdlse J dskr Mjtzjt0 AsMFesX,014 (A = Ba, Sr; M = Sh, Nb, Ta; X = Si,
Ge). RLzyj&" GoLSEljBY ozt j d0chdlstrd hots2hised Usdm MsjHdRjed?, d EZhisodksadjd
HOZ' G2 3D gOchdst 2 HfistWHsS ) StySs? Wijd™ (Tn) o tBEONSH 27-37 5. FOctkdkks |
EtfsteWHBYiGd] BBl dhHEzydtese0lk fistelzClkztek 2 it jnsH, ted Astd CodhsOkt dsyjls fisOls-
etz jlstsdz jClstedCisds. wOS | fsjHddjddw diselzls somfd0ktedotis v COS dochdists-dhkHEzydtso0dd Y j
BlzdsoW jtetetsdSd. FBCOEdLOYd™ M jiz L0 o ks jlste0Htedy jhiSdn fistezClskztedz ™ YsLdydwa 3f, ftedetsHdls
C btejzetkAds? d0chdishs? tejh kS o HishChisd (ab). Hed steOdhEvydd oHsd shd i) GOctkdser j
BeBjlsT  Mjzj0 tisostoydedsshv G0 stftejHjdzjbkr2 kosk, tBEOLZY ¢jedSHOGAGEZE
GOcGshzes  fselChiziz. od oriESsd  HOowjhdd HesdiAsHs  GiNSSEASE  fstzClizeGr R
Yt jrsHBe, St j tedotsHws ¢ LiOydisierdds dLisdddiadvd Goctkdst - hos2hse. A yohseashisd,
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tfied HOaljdwm o j 18 430 CtecfisOdtz teOLH W jlshiw G0 Hoj dOctdlskY j Wis0Sydd, o SHES2 dL
Cbsstern s dstfiteOskzted Wit ke jedudedsiv teddjiehs o yjsriej 00 tfs fdekitdts s
LEOWiGAc Tn © GOYE GS2 WoLj () 27 HE 115 S). Yed HOEjkdwn o hj 50 430 fesdhmsHds
ntfdser? Sshisejt, C5EHO HEEY dttse Mjtjl0 Fe** o ContstsHE A BS04HE0R tjtbjnsHds dL
orisCefifdisetes (HS, S = 5/2) o ddLishtdisetsj (LS, S = 1/2) fishistwidj. Gkt fedosHds ¢
WisolsGl Lt jddts GOt s hes2hse. LRSOdEE GO |k jBHjtolsid FOckASESES ZHstHEYjkdw
LS-fsHis b jiCd 22(1) K, d dLizyjtr d0ctkdistrj St jevydd djsiHz HS- d LS-tfsktsjh jisCodd.

RICsUtRYHsSOC I ARSO T JU ARAIOACTALL S
SCLOACTAPL

dCdisto u.¢.
RTG dds. d.¢. stbji+idSse0 tdy

buhssOydw:  IejHiisOotjt SBLSE Mol jdjotses  Nshissvady  difizjHse0td? o SBLOMISY
HOE jSIStedufes? d0ctisetdSy o BOctsEES? fdkistskdSsd.

Steyjor j fiise0: BOCHSHISO, Hdblstskdco

DIELECTRIC MAGNONICS TFROM GIGAHERZ TO
TERAHERZ FREQUENCIES

Nikitov S.A.
Kotelnikov IRE RAS

Annotation: An overview of the current state of research in the field of dielectric magnonics and
magnonic spintronics is presented.

Keywords: magnonics, spintronics

e jHisOaw b SBLEt fisotejdjdnsets hishisswhdW difijHso0kd? o tBEONSH HJwEjSstedyinSs2
GOchscRdSd d dOchshhs? nYduststdSd. JYdnokr kistisduinSdi d AShYfitdhjdksoe1dr j
GssHT At jHEe0hdw WdLduinCdr tesyjifise d 00 40I0d st BOcswE R BdSes- d
GOGShstelzChlzte.  TOMhdBEILIGT  Shksekry Yodvisdw d&ochshEs? fduststdtd, WdLdudhSdd
AWW ST, G0 Cebtern B0 shusedno, 0 S0S Mj diehtfiCsder jj tedjdiddy HEw hdhsid
sBOBBICd, titejHOud d tediko duwsthoydettr= hdekozte. Jhtssd okddi0nd) ZHjdidks
otLBEY&Ehisd tiserh judw w0BSYdR YONSEs d0chshh: - Zhstis2)se tls cde0eiteydotets yomssistsets
HJOYOLB®O HE s jt0c jeyjotses.  JBMEHOBENY  CkCtsjskrj e j0kdLoydd Ak jdjdlsks? BOLYT
BOctsLAS, 0 50SXJ tizsd dn HOdA B2 jets tsOLadsdv.
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glrimazuvtoc o RV JIVRsP vustusuLt v JHIRY
ITCARMWPARSO ST HrtemJr I

e jsBteOM JanSd2 A.f,
H.W.-88.0z, oW jihste, 609, GOk, fiskte. R AIR RN THL

Fdhdwo c.r.
H.W.-88.02., tlesW ihfsts, L0o. Z0BBteOktiedj2, COW. GOhksEjShtidSd AUR tuL FRESC O

udcto ¢.u.
H.W.-88.0., 0SOHJBAS TP, L09. SOW. dOdsAE jCtesdzdCd AUR, tiejLdH ikl tuL FRTG O

wfdo-tf jte sted jasOy st 2 tfitjmtsH (63F) 9 BOcksdS0n dLagisjt SOS WieCd? tedd. it
woLBe = ffjtejrHBe sdf0 tfistewHsC-tistewHisS [1]. Cld fjtejntHY tetworwslshiv COC dLijdjid
sted jdzlsOydd dz0chdlsdises  dssidis0  ted duitiedd ekjhddr  OL0k ik, K0SdR  COS
s Jostf jteOlslzte0, dOtftew> Joadatshyist  BOckdlsditsets sy, GOtewsjudy o k. tf. Jhets) odkddodkd]
fedoiz jSOEsls AWW jSIsT, orLa0kh Y J Mo jtenB st &3 stfisdyihSds osLBEZMHjRIj6 oBzdLd 3.
Bk dthsej fikzyoje wIF HusdhasHdls ted GdLSt? IsjYitokiziej. avdd ©OLEOBSISO: ™
JCBlseter § MYiydozrerd 0 jedotr, s0Sd) SOS 6Jls tshistezClsizter dizd syji! sskSdy Yizjksd,
Cislstste™ j Hjdsisdistedtolztsls €3 tfied CisdB0es? o HOMJ BiSEZjj oviisCdn sjdtfjteOblzieOn. s id
tste Mo jlssd@Hzydsodhgrj WWJSkr BY&d tieHjdsEhstedetso0nr ssz4¢s oBdid w33,
JdHIzydtetso0hunsets s jdtf 0z,

RS Jedz JsOz@dyuinSdy 6JlsjieshistelzClslzie™ e jHSBLIBJEAEY = d  HfitejnBHEY = (BJlSOkdse
SBEOHO®S WALduhSddd Met2Mmise0dd, YjthtfiCsdokrid HEW tOLzduk -~ HledisMjkd?. Gkd
MistelzClsizte ™ MisylsO=ls o MjBj cde0dishSzE  dG0ckdisshitedSydts, Ssdisteskdelz jdiz  Boctkdstiz
OddLektsydy,  GochkdssslisdyinSzye  0Ckdonshst. A Asdn  MistelzChizic0n  otLdsM &G ftdd-
YlteistedjasOydstery  fitednBHY, diHzydse0tt ] dGochkdst d  tskid tied Sodiiolshis?
Is Jostf_jteOlstzte J.

A HBCHEOH] &Y tfiHiisOotwjdg tejLizaAlsOY  dhizjHBse0kdw hfdkses?  HARORIS,
dizHzydteso0hbs? fojterB Y st & stflsdyihSdds osLBEYHjGAjB o ¢l jteshistzChizts j ThCo2/FeCo.
RLG JteWz0f ot jd3 jd0w LOadhddshis+ 26k fsotstssisd tizshCshisd tistviedLoydd driikzyiddw tied jets
fesatHJkdd  udtejr  MistelzClizielz, oBLBEZMHOjdzE  sHflsduinSdls  dBtzdhisl  GZOSOySd
HEzdls JiAdtshls4 e 35 Wiy (HA®OBAuINSd? Goctdlst-stlsdyinSd? WWW Sk stets0, finjk0 stflsdydhtses
oBLBEZYH jdW-LsGHEEe0RdY). [BROLEZX G0 cdhlsjtjLdh@0w Loadhddhshis! ot fizshSshisd
fivedLOydd sl #0g0edkdyde0t=h jes sk, ~0t0C jedk0w HEW hfdkses? HARORAC oBkdLd &3
uhdizjed]j o0 jidw GoBEEHOjshw o CtedlsduihCdn sySon &3 d eBidLd beyjS fjtejSi=yjdkdw
#OdR0ckdujdeshisd du & jsonsosdiEr= o fisOBdiz2hrj htfdikserj hhistwhdy.  tjLkzdsoksr
AChfjtediz Jdis0 Aistesh s stdhro0skhv i) tsgsh1e 0ok jhkdw JOGHOEZ T FagWhdyo T 4diz-Bjtelso
(TP, tedidbdsjtras ¢ hfduses? fdhsikd o Lkhdksedwa d&JSteiteidistisets  ddtzahbses
YsHOow jddW tfsiw OdLisktesydd [2].

rdz0gdydnssd ktfe0ekjkdi G0k0ckdyjkushsis feLotivjls o fistlzClizisdn, tBEOHOEJR
g1}, bkticodvist d Hiekzeddzd HJROBIUINSARd WWiSs0dd, © yomkdkehisd tseviedLoydy?
bOcjteytetsets (uqy) duizizyjedvy. AJglkshiCzaner2  stisdydhtd? ditlzeh cjddtedielzjls o
MistolzClslztsj  Mdsor2  BS, e jsBeOlzEshd2Mw o  LOWHBOr2  IBS,  BlelsteshozdG 2
(0ds0ctdy jhhshisd. RLdGiGikd] Goflwsitdshisd doctkdstses sty o etsos? (BoCdksddsd) WoLj
a3 orLra0jls tfisotstls GOGOchLIujbhkshisd BJL dLdjeibkdy ji ojtdudhr. A tjLizdls0kj vy
YezvedLOoydy ot0MOjishw fdtneshks f) Gogockdyiddshsts ted dideiedd GoYewsjudshisd
d0ctdlstses sz [3].

1. 8.3 ajitse, ¢.s. 19LHdE, ¢.f. sOHBERYI0, T.3._Fiodisdl, vy 119, 447 (1976).

2. S. Ovcharenko, M. Gaponov, A. Klimov, N. Tiercelin, P. Pernod, E. Mishina, A. Sigov, V.
Preobrazhensky, Scientific reports 10, 15785 (2020).

3. D. Khusyainov, S.Ovcharenko, M. Gaponov, A. Buryakov, A. Klimov, V. Nozdrin, N.Tiercelin, P.
Pernod, E. Mishina, A. Sigov, V. Preobrazhensky Scientific Reports 11, 697 (2021).
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NATLIIO- RS C IRSTIITIAIr ¢ sos HrwJIUIC R
LVITOAICOZRURULILISZ rIC HRIJrNrE J
ARJICrRARWL

106dd0_§.4.

Ir-W.-8.64., gesWifists,
OYdsBOE G2 dfyfijHEe0l it NS bjRGsEsEquined? kids jehds s (JRuRY)
20ESAACD W jH 0t 2 ko jishllsls oits. R&d06GEEO SO0

adls jisT W jtetescz0cddlsir = GdStestissatHse ~O0S jedLiz=sishw i jydWdyjhSdhd doctkdist&d d
GOkt jSistedy inCdhid hots2Mise0dd, ysts HjEOjs dn tfedesHE dd HEY tsOLzdqub - ) jdhsted
oz jkjed?, oCktsyOw BdtBjHAYENCEZE SBEONS!. IshBdhs Sshisyizjdsudra dokjtdddse,
ditfsziLte0hkdj BdStes- d GOheOLBjtek = d0ckdst~ Ok jted0tso o ) jdhsteks? Isjrbsizsedd
sy jt! setelddyjhts. 1 HOGGRM SBLSts] SBREZYHOjIshW diitfstz!Lse0hkd] OhsteWd: = &0chkdistdvesdn
tfissotsHse 0 SOy hle ofstesjilrn yzembodls jz Gy n Ak jd jdste HEW SBHObEZY jadW SOk G -
GOtfiew> jhkd?, &Otftedizjte © duisyOds0s0R, o Sodistesdw ks jh jtolkizer tied s jthslkjteotfdd. St
shiso0bs &0 dhtfist Lse0kdd OSdR WALdyjhiSdm AWWjSktse COC BYfjstetsj U jejSe=yjhkd]
GOROchdy jtbshisd, ¢jkjtedez=h jj hdekod Gotiewsjadw f) erfhddd cOtedsskdCodd, cdeodishSd2
BOchAsABY jHOGH GO YOnsskor otfislst HE 44y o HABOGAY NSOV d0chkdistAd jSistedyjhcow foweA,
rev e joedoydd WW Skdekrn yzemisodis jziG = mot2hise dilsjteih e jHnisOadwesls koctkdlsdkr |
BoCtetstfiesosHO  BOLBotses  fisfis0a®  CoFeSiB o  OdsteWhsd — fishistwakdd.  Jishizlshisod
CtedilsOddzefu S fistelzClslzte™ tfisLotsd jis zfsOdsodst stejBlz jdilzs BOchkdshkizts OkdLtitstfds L0
s &0ejH jhts? OkdLskesydd d kochkdssiztfkzedn aLoddhsHj2msod?2, Yt shizf jhsedw jishv  tied
st jHjl kb2 CdedROydd fishis0e0 Myiz0e0, ¢jskjstdd d bjtdssatosssSd. 3 ottedhts, o
tejLizdls0lsj stsCsotsets lsyde0 osLHj2fsodj d&jn0GduinSdm Gottewyjkd? dsyils iz jhise jddts
dLczddecfis* BOctdlshzts OdkdLiktesyd s d eyl ™ zokockdudotd™. eV Stz kjdy kot o
HAOHOLsdj 40-60 A C tfts jHEOCOkhW BdStstfietatsHO dL OdksteWd - fitfzdetse CoFe f) HisBOOE jhdjd3
Cr did Ni, tfshiSsiCl s jdstjteOlslzted swsted syl dLdjdavis v o e jHjk0n Astsets dfdals jeo0k0 fi
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